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The optical method of measuring the thickne.s of the layer on a metal
surface [{_7 permits the detection of a 5- to 10-A increase in surface film
thickness, However, the upper limit for measurement by this method is limited
(300 A). This factor prohibits utilizetion of the method for determining the
thickness of a film obtained by anodization. It is also useless in other in-
vestigations vhich involve the measurement of film thickness in mieroms or
tenths of a micron.

Optical-mechanicel and interference-contact methods have been used for
these purposes. The first of these methcds involves the use of an ultraopti-
meter; the second makes use of & microinterfercmeter of the Er}gineer Uverskiy
type. Both devices have previously been described in detail 2, 3, _&7

The apparatus is designed for comparative contect mcasurements of plane-
parallel end gages, and of various parts having planes which are finished plane~
parallel to tenths or hundredths of a micron. This pertains then, to slectro-
plating and to oxide layers formed at high temperatures.

It should be noted that it is difficult to achieve accurate finishing in
the case of nonferrous alloys.

With regard to measuring the thickness of electroplated coatings on any
sample (which we shall call the control sample), made not only of steel, but
also of nonferrous metal (e.g., copper or bross), during the deposition of
metal layers of the order of 10=154 , it 1s possible to limit the finishing
of the control sample to plane-parallel down to 0.5«. 1In this case, measure-
nment error will amount to 3-5%. If the drop method is used, error will amount
to 15-20%; and if any of the various megneticwelectric thickness gages is used,
this error will be 20-30%.
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In measuring a thickness expressed in tenths of a micron, it is best to
select several sections on the surface of the sample and finish thers sections
plane-parallel to 0.1-0.24.

Experience indicates. that control samples should measure 35 x5x%x5m,
vwhich will assure the possidility of accurate finishing and prevent the sampie
from sagging, particularly if the sample is subjected to high-temperature heat-

ing.

The parts to be coated are submerged in the electroplating bath along with
the steel control sample, which has been previously prepared in the same manner
as €3 ordinary production part., It is necessary that the comtrol sample be
placed in & central part of the bath and not covered by another plece in the
batch.

The absolute thickness of the control sample is measured at two or three
points on 2o ultrasptimeter or liverskiy interfercmeter before and after coating.

Half the difference between the beginning and end thicknesses determines
the thickness of the m2tal coating, which thickness is equivalent practicelly
to that of metal coating on production parts.

Measurements of coating thickness wereomade during the deposition on
copper gamples of a layer of copper att=20", Dy=2 a/sq dm; g layer of nickel

‘at t=40", Dy =2.5 a/sq dm; and & layer of chromium at t = 4g°, Dy = 15 a/sq dm.

Steel third-cless Johannson blocks were used as samples for nickel ana
chrome plsating in control experiments. The surface of the blocks was finished
plane~parallel to within hundredths of a micron.

The results are given in Table .,
Table 1. Exﬁerimental Results
Max Diff in
Measurements

Deposition of Thickness of of Coating
Metal on Sample Coating (' Thiciness (%) Methods Compared

Copper on copper 520 6 Gravimetric and
optical-mechanical

Nickel on copper 3-11 CGravimetric and
interference~
contact

Chrome on copper ~l Same
ha12 Same

Nickel and chromium
on Johannson block 2.5-8 13 Same

As shown in Teble 1, the difference in measurements of coating thickness
by *the various methods lies within the limits of 13% for a coating of 2,5-204 .

The measurement of the thickness of the oxide filr during the anodization
of aluminum and duralumin is of particular interest.

Three samples of aluminum and four samples of duralumin were subjected to
anodization in a 20% solution of sulfuric acid at Dy = l~3a./sq dm,
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The thickness of the film was weasured interferometrically and on the e i1
metal microscope, o 50X1-HUIV - :
Table 2.
Abs Thickness £bs Thickness of
of Samples (mm) Oxide Film (x) by
Anodi- Before After Inter- Metal
zation Anodi- Anodi- fero- Micro- Dife
Yo (min) zation zation meter 5cope )
1 ko 8.3760 8.3805 2.25 6.4 k.15
2 4o 8.3112 8.3170 2.9 8.2 5.3
3 ko 8.3150 8.3200 2.5 7.3 k.8
b Lo 8.3154 8.3224 3.5 9.5 6.0
5 Lo 7.2860 7.3100 12.0 26.0 4.0
6 60 T.2270 7.2760 2k.5 55.0 30.5
T 60 7.2780 7.3320 27.0 58.0 31.0

The data in Table 2 show that in the anodization of aluminum and duralumin,
since the volume of the oxide is greater than the volume of the oxidized metal,
the sample's absolute dimensions increase. The theory of the phenomenon of the

- growth of anodic oxide films has been worked out in experir - nts [ 5_7.
From the data in Table 2, a diagram of the growth of the oxide film on
aluminum has been comstructed, and is shown in Figure 2,

It can be seen from the disgram that:

D, D
82:8‘%-—1:

where Dy and D2 are diameters of the cample before and after anodization; & is

the true thickness of the oxide film; 82 is the increase in the thickness of b
the aluminum,

Attention wes also devoted to measuring the thickness of an oxide film pro=-
duced during the heating of an alloy of magnesium with aluminum (9.4h% A1; 0.59% .o
Zn; 0.3% Mn). Heating was carried on for 16 hr at a temperature of 460C. Re-
sults of the measurements are shown in Table 3. :

Table 3.
.
Absolute Thickness of Absolute Thickness of Oxide
Samples (mm) Film (A), Measured by
Inter- Metal Gravi~
Before After fero- Micro- metric
Expt Expt meter scope Method
11,5260 11.5360 5.0 10.9 9.09
11.51k0 11.5230 4.5 10.0 9.16
11.31%0 11.3236 3.8 10.6 9.08
11.3846 11.3938 5.6 11.2 9.0k
11.k4253 11,4347 b7 9.7 9.02
11.4728 11.4826 k.9 10.3 9.05
-3 -
]
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It follows from Table 3 that measurements of the true thickness of the bt :_l“
Tilm mede on the metal microscope with the aid of an eyepiece micrometer and ———
calculated from gravimetric data obtained on an adsorption balance are in good
agreement with each other,

Interfercmeter measurements of the thickness of the same films show values
only half as great.

This is understandable since the optical-mechenical and interference-
contact methods permit messurement of only that part of the thickness of the
file vhich increases the external dimensions'of the sample, but does not in-
clude the film below the initial level of the metal surface.

Conclusions

1. The applicability of optical-mechanical and interference-contact
methods for measuring electroplated coatings on metals was shown using metal
films of copper, nickel, and chromium.

2. The applicability of these methods to measuring the thickness of oxide
films produced by anodization and thermal oxidation was shown by means of a
study of oxide films on aluminum and magnesium alloys.
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Figure 2. Diasgram of Oxide Film Growth on Aluminum During Anocdization
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